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My Collaboration with Uli:

Early interactions in Madison during 1989 - 1990

Started collaboration in Davis 1993
(with Jim Ohnemus, a postdoc then)

Uli and I have long genuine interests in EW physics;
Jim was a leading perturbative QCD expert.

Projects:

QCD corrections to gauge boson pair production
At hadron colliders.

Decays, spin correlations, fully differential.



Motivation for VV Physics:
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We suggest that the reactions pp -*Win and pﬁ—’Win are good candidates for meas-
uring the magnetic momegt parameter K in py = (e/2My) (1 +k). The angular distribution
of the W bosons in pp —~W X is particularly sensitive to this parameter. For the gauge—
theory value of k = 1, we have found a peculiar zero in do(diZ —W ™y)/d cosé at cosf= -3,
the location of this zero depending on the quark charge through cosf=-(1+2Q,). A sim-
ilar zero occurs in do(ud—~W*v)/d cosf. We ean offer no explanation for this behavior.
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Motivation for VV Physics: con’d 1

The Radiation Amplitude Zero:
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parton-level subprocess RAZ at:
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(R =2) Anomalous couplings ruin it !



QCD corrections
ruin it too!

It is essential to evaluate
the QCD effects, in order

to test the EW gauge
theory.

48 QCD CORRECTIONS TO HADRONIC Wy PRODUCTION WITH . . . 5143

The three-body contribution to the NLO cross section is

%oty 88 W+ X) = 3 [ dbab =+ W) [Gu(a, M) G, (0, M) + (01 5 )] doy do )

a,b,c
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where the sum is over all partons contributing to the  and t;; are defined by s;; = (p;+p;)? and t;; = (p;—p;)*.
three subprocesses ¢132 — Wwg, ¢19 =& Wngqs, and The integration over three-body phase space and dz; dz,
9G2 = W~g. The 2 — 3 subprocess is labeled by is done numerically by standard Monte Carlo techniques.
p1+ p2 = p3 + pa + ps and the kinematic invariants s;; The kinematic invariants s;; and t;; are first tested for
soft and collinear singularities. If an invariant for a sub-
process falls in a soft or collinear region of phase space,

W 4 W ‘ the contribution from that subprocess is not included in
% N WN\N\< Y 4 WN\N\<U the cross section.
Except for the virtual contribution, d6V"*/dv in
R B f Eq. (3), the O(a,) corrections are all proportional to
NANNNTY the Born cross section. It is easy to incorporate the
decay W — {v into those terms which are propor-
tional to the Born cross section; one simply replaces
déBo™ (g1, — W) with daBo™ (g1, — Wy — fu7)
W / W / in Eq. (3). It is likewise easy to include the W decay
9y 9y A’—‘“MW”< in the NLO bremsstrahlung, the hard collinear, and the
v é: Y real emission contributions by making analogous replace-
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ments. When working at the amplitude level, the W de-
hAAAAAN Y cay is trivial to implement; one simply replaces the W-
boson polarization vector €, (k) with the W — v decay
current Jy, (k) in the amplitude. Details of the amplitude
level calculations for the Born and real emission subpro-

W ¢ cesses can be found in Ref. [19].
The only term in which it is more difficult to incorpo-
v rate the W decay is the virtual contribution. Rather than
undertake the nontrivial task of recalculating the virtual
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FIG. 2. Feynman diagrams for the virtual subprocess FIG. 3. Feynman diagrams for the real emission subpro-

q132 = Wy — Lvy. Not shown are the diagrams obtained cess q1§2 = W+vyg — fvyg. Not shown are the diagrams
by interchanging the W and . obtained by interchanging the W and ~.
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Our Results for Tevatron
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do/dMy, (pb/GeV)
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do/dpq(y) (pb/GeV)
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~ “First study of the radiation-amplitude zero
~in $W \gammas production and limits on
anomalous $W W \gammas couplings at $
' \sqrt{s}$ =1.96- TeV.”

By Do Collaboration
- Phys.Rev.Lett.100:241805,2008.
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FIG. 2: The ellipse 1s the 95% C.L. limit contour in &, — A,
space.  Onedimensional 95% C.L. limits are shown as the
horizontal and vertical bars,
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dcos 8 (pb)

do(A,A,)

1072 |

What about WZ production?

The Radiation Amplitude Zero?

cos b, ~ ¢
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The Baur-Han-Ohnemus program:
Based on the works:

QCD corrections to hadronic Wy production with nonstandard

WWy couplings

WZ production at hadron colliders: Effects of nonstandard WWZ
couplings and QCD corrections

QCD corrections and nonstandard three vector boson couplings

in W* W- production at hadron colliders

QCD corrections and anomalous couplings in Zy production at hadron

colliders

The “BHO” package

- Any VV pair production
- V decay with spin correlations
- NLO QCD corrections
with full kinematics (phase space slicing)
- Anomalous couplings BSM



